Introduction and summary of conclusions
The measurements by Neddermeyer and Anderson (1937) of the absorp tion of cosmic-ray particles of low energy by metal plates differ in certain respects from those by Blackett and Wilson (1937) . The former results showed that, in the energy range 1*2 x 108 to 5 x 108 e-volts, two types of particles exist, an absorbable group assumed to behave as theory predicts of electrons and a much more penetrating group, attributed provisionally to heavier particles.
On the other hand, we found th at all the rays with energy under12 P. M. S. Blackett transition curves of showers and bursts, has provided fairly strong evidence that there must be a very few energetic rays at sea-level, which have the full radiation loss of electrons, even in heavy elements. It follows that the great majority of the rays, for which the energy loss certainly varies rapidly with energy, are probably not normal electrons. We therefore agree with the view of Neddermeyer and Anderson that it is likely that there are two types of particles present, though the difference in behaviour only exists for energies over 2 x 108 e-volts. The experimental work described in this paper was carried out mainly to investigate the discrepancy mentioned above between the two sets of experimental results. It will be shown that our former conclusion, that nearly all the rays with energy under 2 x 108 e-volts are absorbed like radiating electrons, has been fully confirmed. Further, the assumption of the previous paper th at the penetrating rays actually become absorbable like normal electrons, when their energy falls much below about 2 x 108 e-volts, is also shown to be correct.
These further results, together with the implications of the cascade theory, lead therefore to the conclusion that the cosmic-ray beam at sea-level consists of a few fully radiating electrons, together with a large number of particles, which are very penetrating when energetic, but which apparently become indistinguishable from radiating electrons when their energy falls much below 2 x 108 e-volts.
The mean energy loss as a function of energy
Measurements have been made of the energy loss of cosmic rays in the following plates: t
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Lead 0-33 cm. 0-82 Lead 1*0 cm.
2-50 Gold 2-0 cm. The thicknesses ( t)are given also in terms of the fundamental un cascade theory, which are 0-40 cm. Pb and 0*24 cm. Au (Bhabha and Heitler 1937) . The magnetic field used was either 3330 or 10,000 gauss.
In order to compare the results with the theory of the radiation loss, it is convenient to subtract from the measured energy loss {E1 -E2), the energy Ei estimated to be lost in ionization and excitation. From Table II of the paper by Bethe and Heitler (1934) ' this can be estimated as approximately 15 x 106 e-volts per cm. Pb, for energies from fifty to a few hundred million volts. Thus the value of the relative energy loss is calculated from the expression B = ( E1 -E2-Ei , where t cm. is the thickness of the plate, and E = \{EX + E2) is the mean of the measured energy Ex above, and the energy E2 below the plate.* The results of the measurements for the two lead plates are given in Table I . The results with the gold plate are given in § 3.
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T a b l e I. E n e r g y l o s s i n l e a d p l a t e s Of the tracks with the thin plate, twenty-eight are from the previous paper by Blackett and Wilson (1937) and the remaining fifty-five are new. Of those with the thick plate, nearly all with energy under 2 x 108 e-volts are new, and most of the others are from the previous paper. All the earlier results were obtained with counters above and below the chamber, thus giving a bias against large losses. For nearly all the new results, all the counters were above the chamber. This is the better arrangement and is essential for the low energy rays when using a thick plate. The actual results obtained in both systems were essentially the same. For most of the photographs * The error of a single energy m easurem ent is given by 8E = E 2/E m (Blackett 1937a) , where E m is about 4 x 109 e-volts for the tracks in a field of 3300 gauss and about 1-2 x 1010 e-volts for 10,000 gauss. The error 8R of R is approxim ately J 2 E /E mt. For instance, for E = 5 x 108 e-volts, we have 0-4 for the thin lead plate, a 0-14 for the thick lead plate. For low energies, however, the errors are rather larger th an those given by the above expression. The corresponding value of E m in the measurements of Neddermeyer and Anderson (1937) appears to have been about 6 x 108 e-volts, with a field of about 7000 gauss.
For E > 3 x 108 e-volts the error of a single energy-loss determ ination is comparable w ith the real mean energy loss, b u t for E < 2 x 108 e-volts, the the real m ean loss, and the error of Ri s then m ainly due to the sta of the num ber of rays observed w ith given energy loss.
a lead screen about 1*5 cm. thick was placed over the top counter to increase the number of recorded showers.
The two values of R listed for each energy range are obtained by grouping the particles differently. In the column headed ( j), the value of R is the mean of the values of R for all tracks whose initial energy Ex lies within the stated limits, while the column headed (E) refers to all tracks which have their mean energy E in the stated limits. The latter method was used in the previous paper as it is more reliable, since the mean error of is 1 2 times that of Ex. But the classification by initial energy Ex shows u the sharp fall of R with energy. © 0-33 cm. plate, using E v • 0-33 cm. plate, using E . □ 0-1 cm. plate, using E v ■ 0-1 cm. plate, using E. F ig. 1. R elative energy loss of cosm ic-ray particles in lead.
Except with very thin plates, the value of R given by (1) cannot be compared directly with theory. Wilson (1938) has shown that the correct value to take is
where E{ is the energy lost in ionization. These corrected values are given in the last two columns, and are shown graphically in fig. 1 Since for this energy region the mean energy loss is comparable with the theoretical value for electrons, it is important to compare also the distribu tion of energy losses with the theory. Wilson (1938) has derived from the expressions given by Heitler (1937) the following results. If t be the thickness of the absorber, and A0 be the fundamental unit of length of the cascade theory, arid if a = R tj2, where R is the relative energy loss of a defined by (1), then the chance of an energy loss between a and + is
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The curves in figs. 2 and 3 show this expected distribution of energy loss for the 0-33 and the 1-0 cm. lead plates ( l = £/A0 = 0* The points on the figures represent the observed distribution of energy loss of all the rays with energy less than 2 x 108 e-volts. The agreement of the observation with theory is quite as good as can be expected, in view of the approximation of the theory and the statistical and other errors of the experiments. With the thin plate, fig. 2 shows that the chance of a large loss of energy is much less than the chance of a small loss, and the distribu tion curve is of such a shape as to make easy the detection of particles with energy loss greater than that of electrons, if such exist. Fig. 2 shows no evidence of such particles. The explanation of the high value for 4-5 is given later. 
P. M. S. Blackett
On the other hand, with the thick plate, fig. 3 shows that the chance of a small loss is much smaller than that of large loss, and so the conditions are favourable for the detection of rays with an energy loss that is consider ably less than that of electrons. No sign of an appreciable number of such particles is found. When a 2 cm. gold plate is used, it is not possible to measure the energy loss of radiating electrons, since they are almost all totally absorbed. But such a plate is useful to separate out radiating electrons from more pene trating particles. A full analysis of the photographs taken with the gold plate is not yet finished, but the following are some preliminary results. Table II gives a list of the energies and sign of all rays observed with energies between 5 x 107 and 5x 108 e-volts and shows in a very s change of energy loss for 2 x 108 e-volts. Of the thirty-five tracks, nineteen stop in the plate, and all are under 2-5 x 108 e-volts. Of the sixteen which traverse the plate, all but one are over 2*2 x 108 e-volts, and lose only a small fraction of their energy. The one which has a lower energy (1-65 x 108 e-volts) actually loses about half its energy, and can be interpreted in two different ways, according as whether the curve of fig. 1 is considered to represent the actual variation of energy loss of each particle, or as representing the result of a sudden change of radiating power occurring at different energies for different particles (see § 8).
In the first case the track represents a less than average energy loss of a particle of mean energy loss considerably less than that of an electron; in the second, a particle which makes the sudden transition abnormally late.
The tracks marked with an asterisk were made with a 5 or a 15 cm. lead absorber between the counters, which were all above the chamber (see §7). For the rest, there was no heavy absorber over the chamber.
Figs. 4 and 5 show graphically the measured relative energy loss of each individual track, plotted against its initial energy Ev for the two lead plates.* The data from the previous paper are used to extend fig. 5 up to E = 2x 109 e-volts. Each point which corresponds to a ray which entered the chamber accompanied by one or more other rays is considered to be part of a shower and is marked by two vertical lines. I t is seen that for E <2 x 108 e-volts, the distribution of shower particles is sensibly the same as that of the single particles, and further, the number of positive particles is sensibly the same as the number of negatives. We conclude from these results, and from those of § 2, that rays with 2 x 108 e-volts are all positive and negative electrons, with approximately the full radiation loss predicted by theory. If any more (or less) penetrating particles are present in this energy range, their number, in our experiments, cannot exceed a few per cent.
This conclusion is in conflict with that of Neddermeyer and Anderson (1937) , who find a strong penetrating group extending down to nearly 1*2 x 108 e-volts. The possibility that the discrepancy could be due to different amounts and nature of material over the chamber seems excluded, since we find no sign of the penetrating group of low energy, either with no * The fact th a t, for th e 0-33 and th e 1-0 cm. plates, th e m axim um values of R (corresponding to com plete stoppage) are less a t low energies th a n 6 and 2 respec tively, is due to th e su b tractio n of th e ionization loss from the observed energy loss (equation (1)). F o r track s th a t stop, and so do n o t traverse th e full distance t, th is su b trac te d energy is clearly too great by some am ount th a t, for any one track, can n o t be determ ined. The high value of one point in fig. 2 is to be attrib u te d p artly to th is cause, and p a rtly to th e system atic error introduced by the scattering in the p late of th e slow rays, and by th eir deflexion from th e vertical by the m agnetic field. B o th effects increase th e real p a th in the absorber, and so give too m any high values of R . Owing to th e subtraction of the ionization loss, th e high num bers occur for j? = 4-5 in fig. 4 , instead of for R = 6.
heavy material, with 1-5 cm. Pb, with 15 cm. Pb, or with 8 cm. Cu over the chamber. It will therefore be taken as proved that there is no large pene trating group with E < 2 x 104 * * * 8 e-volts.
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The rays with energy greater than 3 x 108 e -volts
From figs. 1 and 5 it is seen that the mean energy loss of the rays with E >3 x 108 e-volts, is much less than that of radiating electrons, and yet they cannot be mainly protons.* However, a few particles do lose a large fraction of their energy. For instance, in fig. 5 six particles out of fifty, in the range 3 x 108 to 2 x 109 e-volts, have values of R greater than 0-6, while in fig. 4 one particle out of thirty-five in the range 3 x 108 to 7 x 108 e-volts Sim ilar evidence against th is possibility has been ob tain ed by C russard an d Leprince R inguet (1937) and b y S treet an d Stevenson (1937) . The p oint m arked P in fig. 5 is th e only recognizable p ro to n am ong th e track s described here.
has a value of R greater than 2-0. Thus rather less than 10 % of th with energy between these limits are heavily absorbed as would be expected of electrons.
Between the energy of 2 x 108 e-volts, below which all the rays are absorbed approximately like electrons, and the energy of 3 x 108 e-volts, above which only a small fraction are absorbed electronically, lies a transition region which needs further investigation, since the results for the two plates differ somewhat.
0-8
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18-0 E nergy F ig . 5. D istribution of relative energy loss in a 1 cm. lead plate.
• N egative particles. © P ositive particles.
Of the seven absorbable, but energetic, particles shown in figs. 4 and 5, three are in showers starting in the lead over the counters, while all but one of the penetrating group are single. Street and Stevenson (1936) were the first to recognize clearly the great difference between the behaviour of single particles and those in showers. As their photographs were taken with no magnetic field, it was not possible to be sure that this difference in behaviour might not be due to a difference of energy rather than of kind. As has been mentioned, Neddermeyer and Anderson (1937) found evidence for the existence of both an absorbable and a penetrating group in the energy range 1*2 x 108 to 5 x 108 e-volts and concluded that the two groups correspond
The nature of the penetrating component of cosmic rays to normal and to " heavy" electrons. Our results confirm the probable existence of the two groups, but only in the energy region above about 2-5 x 108 e-volts. The scanty data in fig. 5 seem to represent still the only direct evidence available at present that the two groups exist in the same energy range, and even here the accuracy of the measurements is not as high as would be desirable. The distribution of the six absorbable rays is about what is expected for electrons. The fact that all are positive may be due to chance, or to a possible asymmetry between positives and negatives among the shower particles. Such an asymmetry, if established, would prove a grave difficulty for the cascade theory.
The strongest evidence for the real existence of the two groups in the same energy range is obtained indirectly from the cascade theory of showers, as developed by Bhabha and Heitler (1937) and by Carlson and Oppenheimer (1937) . The explanation of the atmospheric transition curve given by Heitler (1937) leaves little doubt th at there are some electrons th at radiate fully in light elements up to 1010 volts or more. For heavy elements the position is less clear, but the evidence from the shower transition curves suggests th at some electrons radiate fully also in heavy elements up to high energies. Further evidence for this is given in § 9*2. The assumption that the radiation formula does not break down clearly necessitates the assumption of two groups in the same energy range, in order to account for the pene trating group, since this certainly exists over a very wide range of energy.
The behaviour of the penetrating rays
Apart from the six rays showing a large absorption, the rays in fig. 5 with i£ > 3 x l 08 e-volts are about equally distributed between positives and negatives, and their mean energy loss is perhaps of the order of 1/16 that of electrons.
Two questions immediately present themselves. W hat happens to the rays of this penetrating group, when their energy falls below 2 x 108 e-volts, and where do the electrons and positrons with 2 x 108 e-volts come from ? The most obvious assumption, which was made in the previous paper by Blackett and Wilson (1937) , is that the penetrating rays of high energy become, as they lose energy, the absorbable rays of low energy, that is that their energy loss varies with their energy, and approaches that of electrons at low energies.
Though strong evidence that this view is correct will be given in § § 7 and 8 it is interesting to consider what is involved in the attem pt to explain the facts by means only of particles with a constant relative energy loss, for instance by " heavy " electrons of constant rest mass. One would then have to assume that such particles stopped suddenly as their energy fell below 2 x 108 e-volts. No sign of such a process has been observed. In fact, it is shown in § 3 that there is no sign in this region of any process of absorption of large fractions of the energy of a particle, other than that characteristic of radiating electrons. If such a catastrophic process took place it could hardly fail to have been observed. For instance, in fig. 4 , one would expect to find some particles of energy about 2 x 108 e-volts, which stop completely; but there are none.
The evidence from the low energy end of the spectrum
No satisfactory investigation of this end of the spectrum, or how it varies below different absorbers, is available. However, Table III gives some rather scanty evidence from photographs taken, (a) under no heavy absorber, (6) under different lead absorbers, varying from 3 mm. to 5 cm. in thick ness. The numbers are not very reliable, owing to the effect of the magnetic field in deflecting away the slow rays. The number of these is therefore certainly underestimated. For the fraction of the spectrum over 109 e-volts, the data given by Blackett (1937a) have been used. 
------------------N ( x 108 e-volts)
No absorber L ead absorber T otal F raction For the case of no heavy absorber, the spectrum is fairly flat, but there is a sign of a minimum for E = 2 x 108 e-volts u This minimum, which was mentioned in the previous paper, is just what would be expected, owing to the rather sudden increase of the energy loss with decreasing energy, as shown in fig. 1 . The minimum would not be expected with no heavy absorber, even if, as is possible (see Wilson 1938), the radiation loss in air also increases suddenly at about the same energy, because of the much greater value of the ionization loss relative to the radiation loss in air in comparison with lead. In air, therefore, one would expect, either no minimum at all, or only a small one. The expected relation between a minimum in the spectrum and a sudden increase of energy loss has already been discussed by Blackett (1937 a) in another connexion.
This sudden reduction of the intensity of the energy spectrum under a heavy absorber is also very well shown by the results for the tracks emerging from the gold plate. For if those tracks listed in the right-hand column of Table II are considered, it is seen th at the number per unit energy range under 2 x 108 e-volts is much less than the number with higher energy. Since this change of intensity under a heavy absorber is just what would be expected if the penetrating particles actually become absorbable, it must be considered as providing strong evidence th at the change of property actually does take place.
The observed fraction of the rays with energy greater than 3 x 108 e-volts, which are radiating electrons, depends on the number of showers observed, and this of course depends on the nature of the absorber over the apparatus (transition curve). From the data of figs. 4 and 5 this fraction in our experi ments for the range 3 x 108 to 2 x 109 e-volts is about 10 %. For the whole range from 3 x 108 e-volts to infinity the fraction must be less than this, say 5 % or less, owing to the difference in the shape of the energy spectra (see § 9-1). These figures refer to the condition under a lead absorber of about 1*5 cm. thickness. In air, that is with no absorber, the fraction must be less than T 5 % (see §9*1). On the basis of these results we can construct fig. 6 to represent, highly schematically, the low energy end of the spectrum. To simplify the discussion, the energy loss has been assumed to change suddenly at the critical energy.
The approximate numbers of rays in the three main parts are as follows:
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P articles E n erg y range Now if the hard group C does disappear at about 2 x 108 e-volts, the soft groups A and B must, independently of C, form the spectrum of the radiating 24 P. M. S. Blackett electrons. But such a spectrum, shown by the thick line, is quite inconsistent with the cascade theory (Heitler 1937) . This theory shows that for where E0 = 1 • 3 x 108 e-volts for air, the number of rays between E and E + d falls off about as E2'5, but for E shown by the horizontal dotted curve. We conclude therefore that the radiation theory can only explain the part B' of group A, but not the rest C', which must therefore be recruited from group C. It follows that the rays of the penetrating group, whatever their nature when energetic, are apparently absorbed like electrons when their energy falls much below 2 x 108 e-volts. 
D irect evidence for the change of radiation loss of PENETRATING PARTICLE
In order to test directly the conclusion of the previous section that a pene trating particle apparently becomes an electron when it slows down, a series of photographs was taken with three counters over the chamber, and between them a lead absorber, either of 5 or 15 cm. thickness. This absorber must cut out completely the absorbable rays (except for a few of high energy, which will appear as showers), letting only the penetrating rays reach the chamber. Thus if any ray enters the chamber singly with energy less than about 2 x 108 e-volts and is absorbed by the 2 cm. gold plate in the normal manner for electrons, it is proved that a penetrating ray has become, or has given rise to, an electron. The single tracks taken with this arrangement are included in Table II , showing the results with the gold plate, and are those marked with an asterisk. It will be seen that there are four rays, which ure of the 'penetrating component of cosmic rays 25 r have traversed the lead plate, but which stop in the gold plate. One would only expect a few of such rays, since the chance that a penetrating particle will emerge from the lead plate just in the right energy region is quite small. These results, though few in number and therefore only of a preliminary character, give therefore some direct evidence th at a penetrating ray actually becomes absorbable like an electron as it slows down.
Since the number of normal radiating electrons observed in our experi ments is only a small fraction of all the rays, it follows th at the experimental curve ( fig. 1) giving the dependence on energy of the energy loss of all the rays, actually represents fairly accurately the energy loss curve of the penetrating rays alone. Whether this change of their property of radiating energy happens gradually or suddenly can only be settled by further experi ments. On the whole, the existing evidence suggests a fairly rapid, but not discontinuous, rise of radiation loss as E falls below 3 x 108 e-volts. I t is possible th at the full radiation loss of an electron is not obtained till its energy is less than 108 e-volts.
Each penetrating ray, when it reaches an energy of less than 2 x 108 e-volts will produce a small shower, since it then behaves like a radiating electron. This may be the origin of the smaller showers, observed by counter experi ments to be due to the hard component.
D iscussion of the possible nature of the penetrating rays
Clearly the first demand, which any hypothesis as to the nature of the penetrating component must satisfy, is th at it must explain the observed rapid change in the behaviour of the particles when their energy is about 2-5 x 108 e-volts. It will be essential to discover whether this change is sudden or gradual, and whether the energy at which it occurs varies with the absorber. Recent results by Wilson (1938) appear to show a somewhat less rapid variation with energy in copper than in lead, but the variation with atomic number Z is not nearly as large as was suggested previously.* * In a previous p ap er B lack ett a n d W ilson (1937) show ed th a t th e observed v a ria tion of th e m ean energy loss w ith energy was in rough agreem ent w ith a te n ta tiv e th eo ry of N ordheim (1936) , to explain th e th e n supposed breakdow n of th e rad ia tio n loss of all electrons. I am indebted to D r E . J . W illiam s for pointing o u t to m e th a t an altern ativ e th eo ry p u t forw ard previously b y him (1934) fits th e results for lead equally well, an d th e new results for lighter elem ents m uch b etter. F o r th e form er th eo ry gives a large change of ra d iatio n p ro p e rty w ith Z (E c oc an d th e la tte r a m uch sm aller v ariation ( E c <x Z~113). T po rted th e form er expression, h ad a ra th e r large probable error a n d were probably It is clear that the penetrating rays cannot be heavy electrons of constant rest mass, or of any mixture of such heavy electrons, since the mean radiation loss varies rapidly. They might, however, consist of heavy electrons with a variable rest mass, for instance " excited" electrons which go to their normal state when their energy drops below the critical value. Alter natively, the heavy particle may in some way give rise to, rather than become, the light particles. It is obvious from relativity considerations that the change of property cannot occur in free space, but must occur during some type of collision.
To explain the rather rapid change of property with energy, one might postulate some new kind of resonance phenomenon between the particles and the nuclear fields of the absorbing atoms. This resonance would then have to occur for a critical energy Ec, which probably increases slowly as the atomic number Z decreases.
A rather strong argument for the assumption that it is a difference of mass which distinguishes the two types of particles, lies in some results, which will be described elsewhere, which show that though the radiation from these particles is small, their scattering agrees with the theoretical value for very fast particles. Much the simplest way of reconciling a sub normal radiation loss and a normal scattering is to assume a greater mass, since other possible ways of reducing the radiation loss are likely also to reduce the scattering. This type of explanation will only be plausible if the change of property of each particle proves to be sudden. If the gradual change shown in fig. 1 really represents the behaviour of the individual particles, such an explana tion would be untenable.
From fig. 1 it is seen that the radiation loss of the penetrating rays falls to about 1/16 of that for electrons, or perhaps less, for energies of about 4 x 108 e-volts. This gives about four times the electronic mass as the lower limit of the rest mass of the particles in this energy region. It seems im probable that they can be heavier than say, 100 times the electronic mass, given undue w eight (see W ilson 1938). I t is however doubtful if W illiam s' theory is capable of explaining th e very rapid fall of R now observed.
[Note added in proof. In a recent paper M arch (1937) has given an explanation o f th e observed drop in th e energy loss, as indicating th a t there exists in nature a lower lim it y for th e w avelength of a photon th a t can react w ith m a tte r a t rest. F ro m th e observed critical energy of ab o u t 2 x 108 e-volts, it follows th a t y = 2r0, where r0 is th e classical radius of the electron. This theory is therefore closely related to th e suggestion of W illiam s (1934) th a t the breakdow n of the radiation loss is connected w ith th e classical electron radius. B u t since the theory m ust apply to all electrons, it is inconsistent, unless fu rther assum ptions are m ade, w ith the facts explained so well by th e theory of cascade showers.] since momentum considerations would then prevent them giving rise to sufficiently fast electrons to explain the group C' of fig. 6 . Whatever the mechanism of the change of radiative property, it must occur without abnormal scattering, since the observed scattering is, at any rate, approximately normal at all energies. From considerations of momentum and energy transfer, no simple collision mechanism can easily be imagined which will transform a heavy particle into a light one without appreciable scattering.
If, as is possible, the energy loss will be found to be a continuous function of the energy of the particle, one will be forced to some other type of explana tion, perhaps to one in which the penetrating rays are supposed to be of electronic rest mass, but are distinguishable from ordinary electrons by some new physical property having the effects of making the radiation loss a function of energy. Such a theory would then resemble closely the various breakdown theories discussed in the former paper, in th at these theories were formulated to explain the then supposed variation of energy loss of electrons with E and Z. It is now, however, clear that, if any rays obey such a "breakdown" theory, it is the penetrating rays alone (that is, on this view, the abnormal and not the normal electrons). Of course the supposed mechanism behind the variation of radiation property with energy would have to be altered, so as to depend on the unknown physical property distinguishing the penetrating rays from the normal electrons. But some new mechanism, not contained in the present structure of quantum mechanism, is certainly necessary to explain all the facts. 9-1. The fraction of cosmic rays at sea-level which are
RADIATING ELECTRONS
The fraction of the rays in air which are normal less than is indicated by the spectrum of absorbable particles with 3 x 108 e-volts < E <2 x 109 e-volts in fig. 5 . For the photographs were taken under lead, and further all counter systems are strongly selective for showers. An independent estimate of the upper limit of the fraction of rays in air which are electrons, can be obtained from the observed number of bursts. For, on the cascade theory, almost every energetic electron will produce a burst.
For instance, from the data given by Ehrenberg (1936) , it can be calculated that the ratio of the number of bursts, with more than ten rays, to the number of singles, is between 5 x 10-4 and 10~3. Again, from the data given by Montgomery and-Montgomery (1935 a, fig. 3 ) the ratio of bursts ( > 10) re of the penetrating component of cosmic rays 27 28 P. M. S. Blackett under a 1 cm. lead plate to singles, is found to be rather less than 10~3. As a rough result we will therefore assume the ratio to be 10~3 for a lead plate 1-2 cm. thick. Now from the data given by Heitler (1937) , a shower of ten particles is produced in a lead plate of thickness 1-2 cm. (Z = 3) by an electron of energy parameter y = 5-2. Since the critical energy for lead is 107 e-volts, this value of y = log {EjE0) corresponds to an energy of 1-8 x 109 e-volts. Since a electrons of higher energies will produce larger showers (neglecting fluctua tions), the fraction of the cosmic-ray beam which consists of electrons with energy greater than 1-8 x 109 e-volts, must be equal to the number of bursts with N > 10, expressed as a fraction of the number of singles; this ratio is then about 10-3. To obtain the total number of electrons with 3 x 108 e-volts, we can use the theoretical energy distribution given by Heitler (1937, p. 276) . This is, that the number of electrons with energy greater than E is roughly proportional to E1'5. Thus the number of electrons with is 10~3(18/3)1'5, that is about 1*5 %. We conclude therefore that at sea-level in air the fraction of the rays which are normal electrons (or positrons), with energy greater than 3 x 108 e-volts, is not more than T5 %. This estimate is an upper limit, as some of the observed bursts are probably produced by the penetrating component.
It is interesting to compare the energy spectrum in air of the absorbable and the penetrating rays. As is mentioned in § 6, the spectrum (that is the numbered rays with energy between + <IE) of the former should be roughly constant for E < 1-3 x 108 e-volts and should the E~2'5, or according to Carlson and Oppenheimer (1937) as E~2. Now from Table III , and from the results given by Blackett (1937a), the spectrum of the penetrating rays is seen to be nearly constant for E < 109 e-volts and then falls off about as E~2 or rather faster. Thus the spectrum of the penetrating rays is rather similar to that of the electrons, but the value of the energy at which the change of slope occurs is about seven times larger.
Since the number of energetic electrons at sea-level is very small, it follows that the observed absorption at sea-level, except for small thick nesses of absorbers, is almost entirely due to the penetrating component. Thus the results obtained by Blackett (19376) for the energy loss of all the rays at sea-level, by comparing the observed absorption and energy spectra refer, effectively, only to the penetrating component, and are very little affected, except for small thicknesses of absorber, by the presence of the few energetic electrons. Since it is probable that the straggling of the penetrating component is small, the calculated energy loss, which is based on the assumption of a range-velocity relation, should be reliable. Thus the mean features found, particularly the sudden drop in energy loss to nearly the ionization value for E='2-5x 109 e-volts, and the subsequ again for E > 1010 e-volts are probably reliable indications of the behaviour of the penetrating component. It must be remembered th at the component is certainly complex, as it undoubtedly contains a fairly large fraction of protons. The fact th at the energy at which the sudden fall of energy loss occurs is about equal to 2 MC2,where M is the mass of a pro possible theories of the effect (Blackett 1936) .
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9-2. E vidence for the validity of the radiation formula FOR HEAVY ELEMENTS
Some support for the validity of this formula for electrons in lead up to very high energies can be obtained by comparing the theoretical energy distribution giving the number of rays with energy greater than E, g(E)oz E~v, where, as above, y is of the order of 1-5, with that obtained from the observed distribution of bursts. Montgomery and Montgomery (1935a) have shown th at the number of bursts with more than N rays under a 1 cm. lead absorber, is proportional to N~s, where s is about 2*2. Now from Table IV of the paper by Bhabha and Heitler (1937) , it is seen th at for l 3 (T2 cm. P in a shower due to an electron of energy E, can be represented approximately by NccEQ , where q= 0-8 for y = 10 (E = 1011 e-volts). The number of electrons with energy greater than E must therefore be proportional to E~qs. Since according to the cascade theory the number should be proportional to E~x'5, we should have qs = 1-5. Actually, putting s = 2*2, and q equal to 0-6, that is to the mean of the two values given above, we get s = 1-3, in good agreement wit For thin absorbers ( ls mall) we should expect from fig. 4 of th Bhabha and Heitler (1937) that q should be smaller than the figures given above; thus s should be larger. This explanation is in agreement with the results of Montgomery and Montgomery (19356) , who find for a magnesium absorber a value of s considerably larger than 2-2. I I wish to express my gratitude to Mr J. G. Wilson and Mr A. H. Chapman for their invaluable help. I am indebted also to the Government Grants Committee for a grant for apparatus. The work was carried out at Birkbeck College, London. Blackett and Wilson (1937) , that very nearly all the rays with E < 2 x 108 e-volts are appa character.
2. A reinterpretation of the data for higher energies, where the mean loss is quite small, in the light of the cascade theory of showers, has confirmed the conclusion of Neddermeyer and Anderson (1937) that there are probably present a few energetic, but absorbable, rays which can be identified with fully radiating electrons. The penetrating rays, which at sea-level are in a large majority, cannot therefore be normal electrons.
3. It is shown by indirect argument from the spectrum, and by direct experiment, that these penetrating rays become indistinguishable from electrons when their energy falls much below 2 x 108 e-volts.
4. It is pointed out that the main requirement of a theory of the pene trating component is to explain this striking property. Various possible theories are discussed, and it is shown that there are two main types of possible explanation. The first is that the particles are heavy when energetic, but change their mass suddenly, during collisions with nuclear fields, perhaps through some type of resonance effect, when their energy falls below a critical energy. The second is that in which the penetrating rays are supposed to have the electronic rest mass, but are distinguishable from normal elec trons by some unknown property which has the effect of making their radiative energy loss vary with their energy and the absorber, in a way rather similar to that given by the various theories previously put forward to explain the then supposed suppression of the radiation loss of normal electrons. Further experiments will be required to distinguish between these possibilities.
